ABSTRACT
INTRODUCTION
Leptin, a recently isolated protein encoded by the ob gene, is a peptide hormone that mainly regulates food intake and energy expenditure of the human body. A positive correlation between serum leptin level and the percentage of body fat stores is well known (1) . Leptin receptors are from the class I cytokine receptor family and are similar to other cytokines with regard to receptor structure (2) . It is known that cytokine and leptin levels are affected by each other; it has been demonstrated that leptin stimulates cytokines, such as tumour necrosis factor-α (TNF-α), interleukin-2 (IL-2) and interleukin-6 (IL-6) (3, 4) .
In acute viral hepatitis A (AVH-A), involvement of the liver is through cytotoxic cells and increase in cytokine levels was shown in previous studies (5, 6) . Immune response of the host determines the severity of the disease. It was hypothesized therefore, that this relationship between leptin and cellular immunity might cause different clinical presentations of the disease.
There is no reported study investigating serum leptin level in AVH-A. In this study, serum leptin level and its relationship with the clinical presentation of AVH-A were investigated.
SUBJECTS AND METHODS
Twenty-eight children (14 males and 14 females) with AVH-A were included in the study. Their sex and age-matched controls (ten healthy children) were randomly selected. Diagnosis of AVH-A was established by clinical features, abnormal liver function tests and positive anti-hepatitis A virus antibodies IgM and IgG. Patients were excluded if they had hepatitis B, C or HIV infection. In addition to the routine laboratory investigations such as full blood count, serum transaminases, total protein, albumin, electrolytes, prothrombin time, INR (international normalized ratio) and ammonia, factors 2, 5 and 7, leptin, C-reactive protein (CRP) and alpha-1-antitrypsin (A1AT) were studied. Serum samples were obtained after 12-hour fasting, and were stored at -80°C until the procedure. Biosource leptin EASIA commercial kit (KAP2281, BioSource Europe SA rue de I'Industrie 8B-1400 Nivelles Belgium) was used for leptin measurement.
Weight, height and body mass index (BMI) of all patients were recorded. BMI was calculated as weight (kg)/ height (m 2 ). Except for one patient who died on the 8 th day, patients were re-evaluated as outpatients on the 30 th day of the first assessment.
For statistical analysis, Mann-Whitney U and Pearson's correlation tests were used. Parents of the patients were required to give written informed consent before entering the study. The Ethics Committee of Ataturk University Medical Faculty approved the study.
RESULTS
Mean age was 8.2 ± 2.7 years (1-13 years). In the study group, there was no statistical difference in mean age between girls and boys (8.1 ± 2.1 years and 8.3 ± 3.1 years in girls and boys respectively, p > 0.05).
Mean BMI, height and weight of the patients and controls were not statistically different (Table 1) .
en la leptina a causa de la inflamación podría ser compensado con la disminución debida a la pérdida de apetito durante la enfermedad aguda o podría deberse enteramente a la pérdida de producción. A statistically significant positive correlation between BMI and serum leptin levels was detected in both patients and healthy children (p = 0.003 and p = 0.001, respectively). The regression curve of leptin and BMI in children with AVH-A is shown in Fig.1 . When the patients were evaluated in respect to the presence of icterus, it was found that serum leptin levels were not different (p > 0.05; Table 3 ). On admission, three children had fulminant hepatic failure (FHF). Serum leptin levels and CRP were not different in patients with or without FHF. In contrast, mean A1AT level was significantly higher in children with FHF compared to others (p < 0.05; Table 3) .
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Evaluation of the patients on the 30 th day after the first assessment revealed that mean BMI, weight, and serum leptin level increased significantly (p < 0.01, p < 0.01, p < 0.05, respectively) ( Tables 1, 2 ). In contrast, mean A1AT level was significantly lower and mean CRP level was not different (p < 0.01 and p > 0.05, respectively) ( Table 2 ). Figure 2 shows graphical presentation of serum leptin levels in healthy children and patients with AVH-A on admission and on the 30 th day. Serum leptin levels were comparable in previously icteric and anicteric patients on the 30 th day (p > 0.05). While mean serum leptin and CRP levels were also similar in children who were admitted with or without FHF (p > 0.05), mean A1AT level was significantly higher in children with FHF on the 30 th day (p < 0.05; Table 4 ).
There was no significant difference in serum leptin, CRP and A1AT levels between patients and healthy children (p > 0.05). Mean serum levels of those parameters are shown in Table 2 . No significant correlation was detected between serum leptin levels and liver function tests, haematological or lipid parameters. One of the children with FHF died on the eighth day of admission. Serum leptin, CRP and A1AT levels of that patient were 1.05 ng/ml, 50.9 mg/dl and 675 mg/ml respectively.
DISCUSSION
It is well known that there is a positive correlation between serum leptin levels and BMI in healthy adults and children, and in some hepatic diseases such as nonalcoholic steatohepatitis and chronic hepatitis B and C (3, 7-13). Sarraf et al (14) demonstrated that cytokines increase serum leptin levels in acute inflammation in rats. Such increase was also demonstrated by Maruna et al (15) in septic patients and by Orbak et al (16) in neonatal sepsis. Maruna et al (15) found a posi-tive correlation between serum leptin levels and several cytokines and acute phase proteins such as TNF-alpha, interleukin-6, CRP and A1AT. Orbak et al (16) showed a correlation between serum leptin and CRP levels. IL-6 plays a crucial role in induction of acute phase protein production in the liver (17, 18) . Budarina et al (5) reported that children with AVH-A had elevated levels of TNF-α, IL-1 beta and IL-4 in the icteric period. In another study, it was found that IL-6 and CRP were higher and A1AT was lower in cases of FHF compared to controls (19) . In the present study, mean serum CRP levels of children with or without FHF were 17.4 ± 28.4 mg/dL and 0.6 ± 0.4 mg/dL respectively. The statistical nonsignificance was entirely due to the lack of patients with FHF. Atono et al (20) found that CRP levels were higher in acute illness compared to the convalescence period. Mean CRP levels of patients in the present study, on admission and on the 30 th day, were 2.4 ± 9.5 mg/dL and 0.43 ± 0.85 mg/dL respectively. It was not statistically significant; however, it was noticeable that the initial value was out of the normal range. CRP and other acute phase reactants are not sensitive parameters in viral infections (21) .
Cytokine levels were not investigated in this study; however, there were no significantly positive correlations between serum leptin levels and either CRP or A1AT. Moreover, no increase was detected in leptin levels of children with AVH-A compared to that of healthy children. In contrast, serum leptin levels were higher in the convalescence period compared to active disease (p < 0.05). The authors attributed that increase to the increased appetite during the convalescence period because increase in weight and BMI accompanied the leptin increase. It is known that leptin regulates food intake and energy expenditure of the human body (1). The reason for not recording a difference in leptin levels in hepatitis A infection may be because of a shift in balance in the active phase of the disease or entirely due to a loss of appetite and weight. Because there was no correlation between serum leptin level and parameters that show the synthetic function of the liver ie albumin, cholesterol, prothrombin time and factor levels, the authors suggested that serum leptin level was not a good indicator of the synthetic functions of the liver and could not be used as a parameter for prognosis. High transaminase levels are good indicators of hepatic cell destruction (necrosis). Since no correlation between leptin and transaminase levels could be shown, it is suggested that leptin could not be used as a parameter for hepatocellular necrosis in AVH-A. In the study of Crespo et al (22) , performed in adults with chronic hepatitis C, it was demonstrated that serum leptin level was not correlated with serum levels of albumin, bilirubin, alkaline phosphatase (ALP), gamma globulin, gamma glutamyl transpeptidase (GGT) and transaminases. No correlation was found between serum leptin and parameters of cholestasis, such as ALP, GGT, and bilirubin; thus, from this study the authors suggest that serum leptin level is not affected by cholestasis.
Recent studies have shown that leptin might play a role in haematopoesis. Leptin contributes to an increase in erythroid cells and erythropoietin (23, 24) . However, some authors found a negative correlation between leptin and haemoglobin level (25) . Wilson et al (26) showed a positive correlation between leptin level and white blood cell count. Contrary to this, some other investigators did not determine such correlations between serum leptin levels and haematological parameters such as haemoglobin, leukocyte and platelet count (16, 27) . In this study, no correlation between leptin and haematologic parameters either in acute illness or the convalescence period was found.
In conclusion, no significant difference in leptin levels was detected between children with AVH-A and controls. In the convalescence period, leptin increased parallel to BMI, compared to levels in acute illness. It is therefore suggested that the expected increase in leptin levels due to acute inflammation might be balanced with the decrease resulting from loss of appetite during acute illness, or leptin is not affected by hepatic inflammation at all.
